The output and efficiency of gas turbines are reduced significantly during the summer, especially in areas where the daytime temperature reaches as high as 50°C. Gas turbine inlet fogging and overspray has been considered a simple and costeffective method to increase the power output. One of the most important issues related to inlet fogging is to determine the most effective location of the fogging device by determining (a) how many water droplets actually evaporate effectively to cool down the inlet air instead of colliding on the wall or coalescing and draining out (i.e. fogging efficiency), and (b) quantifying the amount of non-evaporated droplets that may reach the compressor bellmouth to ascertain the erosion risk for compressor airfoils if wet compression is to be avoided. When the silencer is installed, there is an additional consideration for placing the fogging device upstream or downstream of the silencer baffles. Placing arbitrarily the device upstream of the silencer can cause the silencer to intercept water droplets on the silencer baffles and lose cooling effectiveness. This paper employs computational fluid dynamics (CFD) to investigate the water droplet transport and cooling effectiveness with different spray locations such as before and after the silencer baffles. Analysis on the droplet history (trajectory and size) is employed to interpret the mechanism of droplet dynamics under influence of acceleration, diffusion, and body forces when the flow passes through the baffles and duct bent. The results show that, for the configuration of the investigated duct, installing the fogging system upstream of the silencer is about 3 percentage points better in evaporation effectiveness than placing it downstream of the silencer, irrespective of whether the silencer consists of a single row of baffles or two rows of staggered baffles. The evaporation effectiveness of the staggered silencer is about 0.8 percentage points higher than the single silencer. The pressure drop of the staggered silencer is 6.5% higher than the single silencer.
The baffles of the silencer (as shown in Fig. 1 ) become obstacles for the air flow and collect water droplets if fogging is applied upstream of the silencer. Chaker et. al. [7] [8] [9] stated that a residence time of 1 to 2 seconds of unobstructed flow is ideal but rarely exists unless a special duct modification is made, or in a new gas turbine installation where extra duct sections can be incorporated at the design stage. Collisions of small water droplets with different parts in the ducts, including silencers, walls, and duct bends can lead to coalescence, forming thin liquid layers on the surface or pooling of water on the duct floors. Under strong air stream shears, water filament formed on the wall opposite to the compressor bellmouth wetted by droplets recirculation, may be entrained by the high-speed flow and eventually enter the compressor. The configuration of gas turbine inlet ducts for most type of gas turbines allows sufficient residence time to most of the atomized water droplets to be evaporated before reaching the silencer. Consequently, nozzle manifolds for fogging application is generally installed upstream of the silencer. Wet compression type of cooling is typically installed downstream of the silencer. For some gas turbine, such the actual LM2500 aeroderivative GT, the droplets residence time, if nozzle manifolds are installed upstream of the silencer, is relatively short. In this type of situation, the use of CFD help to determine which optimum location, upstream or downstream of the silencer, will provide the maximum evaporation efficiency. When the option of installing the nozzle manifolds downstream of the silencer is taken, the distance from the fogging system to the compressor bellmouth is shortened (so is the droplet residence time) and the chance that liquid water droplets may enter the compressor increases. To remedy the shortened droplet residence time to approach complete evaporation, additional duct sections can be installed, but the cost will increase. The trash screen is added with and without the fogging system in order to provide protection from object, which may flow through gas turbine inlet filter, and not the cooling system. The above discussion of the pros and cons of installing the fogging system either upstream or downstream of the silencer is a general description. The objective of this paper is to conduct a CFD simulation to provide quantitative information of fogging performance by studying the effects of the silencer's obstruction to pressure losses and water droplet evaporation processes including water droplet interaction with baffles and walls, droplet coalescence and breakup dynamics, and fogging efficiency. Two different silencers are taken into consideration, one having a single stage of baffles and another having two stages of staggered baffles. Their performances depend on (a) how many water droplets actually evaporate effectively to cool down the inlet air instead of colliding on the wall or coalescing and draining out (i.e. fogging efficiency), and (b) quantifying the amount of non-evaporated droplets that may reach the compressor bellmouth to ascertain the erosion risk for compressor airfoils if wet compression is to be avoided.
NUMERICAL MODEL

Geometrical Configuration
The commercial software package FLUENT (version 6.2.16) from Ansys, Inc. is adopted for this study. Figure 3 shows different subdomains of a staggered silencer configuration in the 3D computational domain and postprocessing planes. Several cross-sectional planes are selected in Fig. 3 to illustrate the computational results. Two different silencer geometries are used in this study. The length of the silencer sub-domain is 4.33m for the silencer with staggered baffles and 2.6m for the unit with a single row of baffles, as shown in Fig. 4 . The duct configuration is taken from an existing LM2500 gas turbine system. Figure  5 shows the mesh for the side and top views and the magnified mesh over the baffles. Structured hexahedral meshes are used in the inlet sub-domain as seen in Fig. 5 . The structured O-grid is used on the 2-D baffles and rest of the domain consists of unstructured meshes. The 2-D silencer subdomain is extruded in the z-direction to obtain the 3-D grid with uniform meshes throughout the longitudinal direction. Unstructured tetrahedral meshes are used in the duct domain to investigate grid sensitivity on the results. 121,000 and 231,000 meshes are used for comparison.
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Governing Equations
The 3-D, time-averaged, periodically steady state Navier-Stokes equations as well as equations for mass, energy and species transport are solved. The transient governing equations are:
where τ ij is the symmetric stress tensor defined as
The source terms (S m , F j and S h ) are used to include the contributions of water vapor mass, droplet forces, and evaporation energy from the dispersed phase (water droplets). μΦ is the viscous dissipation, and λ is the thermal conductivity in Eq. 3. The specific heat (c p ) in Eq. 3 is calculated from the mass-weighted value of specific heats of the gas and liquid components present in the domain. Spray locations 
where C j is the mass fraction of species j in the mixture, and S j is the source term for this species. D j is the diffusion coefficient.
Note that the terms ρ j i u' u' , ρc p T' u' i , and ρ 
Turbulence Models
As the duct encounters a high velocity airflow, the turbulence effect becomes significant. Considering the possible flow and droplets impinging on the baffles in the silencers and potential flow separations near the tailing edge of the baffles, the effects of turbulence models on the CFD calculation results need to be examined. Li and Wang [10] conducted a study focusing on examining the effects of five different turbulence models on mist/air film cooling effectiveness on turbine blades, which possesses some geometric similarities to the bafflers. They tested the cooling by changing turbulence models, turbulence intensity, different forces acting upon the droplets, droplet sizes, particle tracking numbers, etc. They found the RSM (Reynolds Stress Model) and standard k-ε turbulence models produced consistent results. They also found that employing the stochastic tracking of droplets provided a notable change in the heat transfer and cooling effectiveness. Wang and Dhanasekaran [11] conducted a similar study on the effects of turbulence models on CFD results of mist/steam impinging jet cooling on a flat surface. Similar to the results of Li and Wang's mist film cooling [10] , they reported that the RSM turbulence model provided the results most consistent with the experimental data and the standard k-ε turbulence model was proven robust with good results only next to the RSM model. In this present paper, a sensitivity study of using five different turbulence models is conducted and results (to be discussed later) are consistent with Dhanasekaran and Wang's finding. Since the k-ε turbulence model is robust and an order of magnitude faster than the RSM model, and there is no need to reach a more precise solution, the k-ε turbulence model with enhanced wall function is adopted in this study. The enhanced wall function is one of the several methods that model the near-wall flow. In the enhanced wall treatment, the two-layer model is combined with the wall functions.
The whole domain is separated into a viscosity-affected region and a fully turbulent region. A blending function is defined, which is equal to 0 in the viscosity-affected region and 1 in the fully turbulent region.
Dispersed-Phase Model (Water Droplets)
Droplet Flow and Heat Transfer -Based on Newton's 2 nd Law, the droplets' motion in the airflow can be formulated by (6) 
where m p is the droplet mass, and v p is the droplet velocity (vector). The right-hand side is the combined force acted on the droplets, which are F D (drag force), F g (gravity and buoyancy force), F P (pressure force), F S (Saffman lift force) etc. The following are the parameters of the various forces for the present study and their order of magnitudes. The density ρ p and size d p of particle are 998.2 kg/m 3 and 10μm, respectively. The air density ρ a is 1.23 kg/m 3 , and its dynamic viscosity coefficient μ is 1.85×10 -5 kg/(m·s). Based on the CFD result, the average value of the pressure gradient ∂p/∂x is about 114 Pa/m. The maximum value of (u a -u p ) is near 10 m/s, where u p and u a the velocity of particle and air, respectively; the average value, d(u a -u p )/dt, is about 10 m/s². Finally, f(Re p ) ~ 1.73. Taking the above conditions into account, the magnitudes of the various forces can be acquired following Wang et. al. 's [12] study. The magnitude analysis shows that the drag force is the most important, followed by the Saffman force. 
where, g is the gravitational acceleration, Re p is the droplet Reynolds number and f(Re p ) is the correction factor for the Stokes-drag force, which are expressed as follows:
According to the Stokes law for Re p < 1, C D Re p /24 =1. There are many models to formulate the term C D Re p /24 for higher particle Reynolds numbers. Schiller and Naumann [13] correlated the expression up to Re = 800 as, Without considering the radiation heat transfer, the droplet's heat transfer depends on convection, and evaporation is given as
where h fg is the latent heat. The convective heat transfer coefficient (h) can be obtained with an empirical correlation [14] [15] :
where Nu is the Nusselt number, and Pr is the Prandtl number.
The mass change rate or vaporization rate in Eq. (14) is governed by the concentration difference between the droplet surface and the air stream:
where k c is the mass transfer coefficient, and C s is the vapor concentration at the droplet surface, which is evaluated by assuming the flow over the surface is saturated. C ∞ is the vapor concentration of the bulk flow, and is obtained by solving the species transport equations. The values of k c can be given from a correlation similar to Eq. (16) by [14] [15] . 
where Sh is the Sherwood number, Sc is the Schmidt number (defined as ν/D), and D is the diffusion coefficient of the vapor in the bulk flow. When the droplet temperature reaches the boiling point, the following equation can be used to evaluate its evaporation rate [16] :
where λ is the gas/air heat conductivity, and c p is the specific heat of the bulk flow.
Theoretically, evaporation can occur at two stages: (a) when the temperature is higher than the saturation temperature (based on local water vapor concentration), water evaporates, and the evaporation rate (Eq. 16) is controlled by the water vapor partial pressure until 100% relative humidity is achieved; (b) when the boiling temperature (determined by the air-water mixture pressure) is reached, water continues to evaporate at a rate that follows Eq. 18. After the droplet evaporates due to either high temperature or low moisture partial pressure, the water vapor is transported away from the droplet's surface due to convection and diffusion as described in the water vapor species transport equation (5) .
Stochastic Particle Tracking -The turbulence effect on droplet dispersion cannot be simulated when the time averaged Navier-Stokes equation is solved because the particle tracks will follow the streamlines. A stochastic tracking method is adopted to overcome this issue. Basically, the droplet trajectories are calculated by using the instantaneous flow velocity ( u' u + ) rather than the average velocity ( u ). The velocity fluctuations are then given as:
where ζ is a normally distributed random number [16] . This velocity will apply during the characteristic lifetime of the eddy (t e = C t (k/ε)), where C t is a time constant to be specified according to the turbulent flow structure and the behavior of droplet dynamics. After this time period, the instantaneous velocity will be updated with a new ζ value until a full trajectory is obtained.
Boundary Conditions
Continuous Phase -In this study, the water is sprayed in such an amount, which is sufficient to saturate the inlet air. The inlet condition is set with an air speed at 10.51 m/s. This will give an air flow rate of 82.9 kg/s. The inlet temperature is set at 50°C (323K) with 28% RH (Relative Humidity). The water vapor mass fraction at the inlet is set as the specific humidity of 0.0218 kg/kg dry air to ensure the desired RH. The inlet conditions of the turbulence are 1 m²/s² for the turbulence kinetic energy and 1 m²/s³ for the dissipation rate, which is equivalent to a turbulent intensity of 1%. The flow exit (outlet) is assumed to have a constant pressure. The temperature of the backflow (reverse flow), if any, is set at 50°C with 30% RH. The sidewall is non-slip (velocity is zero at the wall) and is assumed to be adiabatic.
The water at 305.2K (32.2 o C) is atomized and injected at a velocity of 10 m/s. The calculated mass flow rate is 0.682 kg/s to reach saturation.
Dispersed Phase --The droplet size is distributed in the range of 0.62 to 58.93 µm. Table 1 shows the droplet diameter distribution in terms of volume percentage. When the droplet reaches the wall, the droplet trajectory is determined from the discrete phase wall boundary condition. Each droplet when it approaches the wall can undergo one of several possible mechanisms based on the condition of the wall: dry or flooded.
In the case of dry wall (Fig. 6a) , the droplets have three major regimes, including reflect, break-up, and trap. According to Watchers et al. [17] , the regimes depend on the incoming Weber number of the droplet. Here, the Weber number is the ratio of kinetic energy of a droplet to the surface energy of a droplet (We = ρ d u² /σ). It was shown from the experimental results that droplets having Weber numbers less than 10 reflect elastically from the wall. When this value increases to more than 80, the droplet falls into the disintegration region, which leads to the droplet breaking-up into several smaller droplets. In the transition region (30<We<80), the droplet has a chance to either reflect or breakup. Apart from the above three facts, the droplets can be trapped by the superheated wall, and the entire mass will instantaneously pass into the vapor phase.
On the other hand, when the droplets impinge on a flooded wall, they have the chance for four different regimes, including splashing, spread, rebound, and sticking, as shown in Fig. 6b . Harlow and Shannon [18] obtained finite difference solutions to the Navier-Stokes equations for a viscous, incompressible liquid droplet impinging on a flat surface with and without liquid films. Bai and Gosman [19] developed a spray impingement model, which showed that the secondary droplets resulting from splashing had a certain distribution of sizes and velocities by analyzing the relevant impingement regimes and the associated post-impingement characteristics.
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The wall film and reflect models are used in this study. The wall film model used in this study is based on the work of Stanton et al. [20] and O'Rourke et al. [21] . The four regimes stick, rebound, spread, and splash are based on the impact energy and wall temperature. Below the boiling temperature of the liquid, the impinging droplet can either stick, spread or splash, while above the boiling temperature, the particle can either rebound or splash. The impact energy is defined by
where V r is the relative velocity of particle in the frame of the wall, h 0 is the length and δ bl is the boundary layer thickness. The sticking regime is applied when the value of E becomes less than 16. Splashing occurs when the impingement energy is above a critical E value of E cr = 57.7. The splashing algorithm was followed as described in Stanton et al. [20] . At the outlet, the droplets just simply escape from the computational domain. Figure 6 Droplet-wall interaction models [22] 
Numerical Method
The commercial software package FLUENT (version 6.2.16) from Ansys, Inc. is adopted for this study. The simulation uses the segregated solver, which employs an implicit pressure-correction scheme and decouples the momentum and energy equations according to the FLUENT manual [23] . The SIMPLE algorithm is used to couple the pressure and velocity. The second order upwind scheme is selected for spatial discretization of the convective terms and species. Langrangian trajectory calculations are employed to model the dispersed phase of droplets. The impact of droplets on the continuous phase is considered as a source term in each of the governing equations. After obtaining an approximate flow field of the continuous phase (airflow in this study), droplets are injected, and their trajectories are calculated. At the same time, drag and heat and mass transfer between the droplets and the airflow are calculated.
Iterations proceed alternatively between the continuous and discrete phases. Twenty iterations in the continuous phase are conducted between two consecutive iterations in the discrete phase. Converged results were obtained after the specified residuals are met. A converged result renders a mass residual of 10 -3 , an energy residual of 10 -6 , and momentum and turbulence kinetic energy residuals of 10 -3 . These residuals are the summation of the imbalance for each cell and are scaled by a representative of the flow rate. Typically, 400 to 500 iterations are needed to obtain a converged result in each time step.
Comparison of Different Turbulence Models and Stochastic Time Constants
Comparisons have been made between different turbulence models for the staggered silencer geometry with the fogging system installed upstream of the silencer with wet wall boundary conditions. (Case 5, to be described later) The temperature drop and the amount of water evaporated are chosen as the comparing parameters. The result shows that the temperature drop for all turbulence models is in the range between 16 and 16.5°C except the k-ω standard model which results in a temperature drop of 12.1 o C, as shown in Table 2 . The amount of water evaporated is approximately proportional to the drop of temperature; i.e. a higher evaporation rate accompanied by a larger temperature drop, except in the k-ω standard model.
According to Wang and Dhanasekaran [11] , the time constant (C t ) used in scaling the turbulence eddy size in the stochastic tracking method may significantly affect the results of particle tracking in certain flow conditions, so a sensitivity study is conducted to inspect its influence on the CFD results of this paper. Four different time constants, ranging from 0.15 to 0.0001, are used. Table 3 shows that the temperature drop is within 0.32 o C and is not so sensitive among the first three larger C t values in this study. The value of 0.15 is used for all cases. 
Comparison of Different Mesh Numbers
A grid sensitivity study also based on Case 5 is made with two different numbers of cells, 121,000 and 231,000, respectively. In the finer grid, the mesh size has almost doubled, which gives almost 24% excess nodes than the smaller one in 3 dimensions. Results are shown in Table 4 . The temperature drop and the amount of water evaporated are found to be within 1.54% and 3.04%, respectively. Since the change is not large, all the cases presented in this study use the finer grid of 231,000 cells. A further refinement of the grid size is not pursued in this study. 
RESULTS AND DISCUSSION
Studied Cases
Case 1: Single silencer, water sprayed upstream of the silencer, droplets are reflected from wall. Case 2: Single silencer, water sprayed upstream of the silencer, droplets wet the wall surface. Case 3: Single silencer, water sprayed downstream of the silencer. Case 4: Staggered silencer, water sprayed upstream of the silencer, droplets are reflected from wall. Case 5: Staggered silencer, water sprayed upstream of the silencer, droplets wet the wall surface. Case 6: Staggered silencer, water sprayed downstream of the silencer. The term "single silencer" means the silencer is made with one single row of baffles and "staggered silencer" means the silencer is made with two rows of staggered baffles. As mentioned earlier, the water is sprayed in two different locations: the first one is located at the inlet of the silencer sub-domain, upstream of the silencer, represented by Cases 1,2, 4 and 5); the second one is located right downstream of the silencer, represented by Cases 3 and 6. The boundary condition for droplets at the walls can be assigned as reflected, trapped, or maintaining as a liquid film, as mentioned earlier. Since all three conditions could occur in the real application but Fluent code only allows one condition to be assigned at a time, this study employs both reflected and wall-film boundary conditions at separated cases. Two different boundary conditions have been assumed for the discrete phase, as mentioned earlier: (a) reflected condition -water droplets bounce back elastically from the surface once they reach the silencer wall (Cases 1, 3, 4 and 6) and (b) wall-film condition; water droplets stick to the wall and wet the surface when they reach any of the walls in the domain (Cases 2 and 5).
Temperature Distribution
When the fogging is applied, the hot and dry air gets cooler and moistened as it passes along the inlet duct. Figure 7 shows the cross-sectional temperature distributions of all six cases at selected locations along the duct and Fig. 8 shows the temperature distributions on the longitudinal mid-plane along the duct.
Effect of discrete phase wall boundary conditions (Case1 vs. Case 2 and Case 4 vs. Case 5) --Cases 1 and 2 show very close temperature distributions, so they are shown in one figure and the same is true for Cases 4 and 5. This implies that the two different wall boundary conditions for droplets, either reflected or wall-filmed, have negligible effects on the calculated results under the current droplet-wall interaction models and studied conditions. Effect of upstream vs. downstream fogging (Cases 1&2 vs. Case 3 for single silencer and Cases 4&5 vs. Case 6) --When the fogging system is moved from upstream to downstream of the silencer, the distance the droplets have to travel to reach the GT inlet is reduced approximately 4.3 m with a reduction of residence time approximately of half second. So Case 3 shows less temperature reduction through the duct in Fig. 7b . Table 5 shows that the shortened distance translates to about 0.5 o C less temperature drop, as exit temperature for Case 3 being 307.16K versus 306.65K and 306.66K for Cases 1 and 2, respectively. The difference does not seem to be large to cause any concern. The same result of about a 0.5°C difference in exit temperature is true for Cases 4&5 vs. Case 6 with the staggered silencer (see Table 5 ). This fact is further supported by the percentage of water evaporated, as shown in Table 5 . Percentage of water evaporated for the Cases 1&2 is 92.5% vs 86.8% for Case 3, while this value for Cases 4&5 is more than 94% vs 87% for Case 6. Comparing cross-sectional temperature distribution at the inlet of compressor (or exit of inlet duct) in Figs. 8(a) vs. 8(b) and 8(c) vs. 8(d), it looks that the temperature is more uniformly distributed in cases of locating the fogging upstream of the silencer. A more uniformly distributed temperature also has the benefit of reducing thermal stresses on the compressor blades.
Effects of a single row of baffles vs. staggered baffles (Group 1: Cases 1&2 vs. Cases 4&5 and Group 2: Case 3 vs. Case 6) -The effects of a single silencer versus a staggered silencer can be categorized into two groups of comparisons. The first group comparison is Cases 1&2 versus Cases 4&5, which include both the influences of fluid mechanics and the droplet wall boundary conditions; whereas the second group comparison between Cases 3 and 6 only shows the influence of fluid mechanics because the fogging system is installed downstream of the silencer in both cases.
(a) Group 1 comparison: Cases 4 and 5 have staggered baffles, which impose more obstruction for the droplets and, hence, have more turbulent mixing for droplet evaporation than in the single silencer cases. The exit temperatures for Cases 4&5 do show about a 0.15 o C greater temperature drop than Cases 1&2 with the single silencer (Table 5) Figure 7 shows that the lower temperature region moves towards the wall adjacent to the exit for all the cases, as the flow is subjected to secondary flow activities when it passes through the bend. Figure 8 shows the temperature distribution on the longitudinal mid-plane along the duct axis. The effect of staggered baffles on temperature can be seen between Fig. 8a and 8c . Figure 8a shows a very nonuniform temperature field with sharp lateral temperature gradients, which is in contrast to a relatively more uniform temperature gradient sown in Fig. 8c , presumably due to the more turbulent mixing introduced by the staggered two rows of baffles than the single row of baffles. Figure 8b and 8d show the temperature distributions for downstream spray. These two figures show almost identical distributions, as the distance from the spraying nozzle to the bellmouth is same for both the cases and the effect of silencer is minimal.
In addition to higher turbulent mixing in cases 5 & 6 which enhance the evaporation efficiency, the improvement in efficiency is due to the fact that the droplets residence time is higher in the case of staggered silencer with longer subdomaine (4.3 m) when compared to the one for single silencer subdomaine (2.6 m). All other duct dimensions are the sames. 
Flow Field
The flow field is shown in the velocity vector plots in Fig. 9 . A large recirculation is found near the compressor bell-mouth's inlet. An increase in velocity is found in the second stage of the staggered silencer case (Fig. 9b) . The initial velocity is 10m/s, which increases to 25m/s at the end of the staggered silencer. The mass weighted average velocity at the exit is 41.4m/s for the single silencer and 40m/s for the staggered silencer, as shown in Table 5 . This difference of average velocity is caused by density difference directly related to the difference in cooled air temperatures between the two cases to keep the constant mass flow rate, as it is mentioned in the boundary condition.
A close-up view of the airflow pathlines surrounding the silencer's staggered baffles is shown in Fig. 10 . A stagnation region can be seen at the nose of the baffle. A closed separation wake is found at the trailing edge of the baffle (Fig. 10) . The static pressure distribution is shown in Copyright © 2011 by ASME 10
The droplets are so small that they flow with the main fluid very easily. Figure 12 shows the droplet traces colored by the droplet Reynolds number surrounding the silencer baffles.
The droplet Reynolds number is calculated based on the slip velocity between the droplet and the air speed in the continuous phase. Comparing the droplet traces in Fig. 12 and the airflow pathlines in Fig. 9 , the wiggling droplet traces illustrate the effect of stochastic tracking scheme imposed on the droplets. The typical droplet Reynolds number is around 10 near the spraying location. The droplets usually quickly reach equilibrium in force balance and the droplet Reynolds number is typically reduced to less than 0.5. In the bend section, the droplet Reynolds number may change again due to the centrifugal force. This fact can be observed from Fig. 12 . Droplets get scattered as soon as they encounter the silencer baffles' tips. Some Reynolds numbers close to 10 are found in between the two silencers. The Reynolds number stays close to 10 -7 in the rest of the duct, when the local body forces such as acceleration, deceleration, and centrifugal forces are absent. Figure 12 shows no significant difference for different droplet wall boundary conditions. Although the model in Fig 12(a) has the reflect boundary condition for droplet, but only limited discernable reflections are observed. Figure 13 shows the discrete phase model (DPM) concentration distributions at the mid horizontal plane for cases with fogging applied upstream of both types of silencers. Most of the droplets evaporate before the bend. Different droplet wall boundary conditions (reflected vs. wall-film) show negligible effects on the droplet concentration distribution. The amount of liquid water found in the silencer subdomain is 0.0202kg for the single silencer and 0.0252kg for the staggered silencer with a reflect type boundary condition
The mass-weighted average exit temperature has been used as a criterion to evaluate the fogging performance in all above analyses, but the comparison of the exit temperatures doesn't provide the information on what has been achieved relatively to different inlet conditions (eg. different ambient temperature and RH values). The evaporation effectiveness defined in Eq. 21 can then provide such a gauge:
From the values in Table 5 , it can be seen that installing the fogging upstream of the silencer is about 3 percentage points better in evaporation effectiveness than placing it downstream of the silencer, irrespective of whether the silencer consists of a single row of baffles or two rows of staggered baffles, as water gets more residence time for evaporation in cases of upstream spray. The evaporation effectiveness of the staggered silencer is about 0.8 percentage points higher than the single silencer. • The effect of using two different types of droplet wall boundary conditions (reflect vs, wall-film) on the calculated evaporation rate is negligible.
• Keeping the fogging system upstream and downstream of the silencer shows almost negligible (3% more for upstream) difference in temperature drop, irrespective of single or staggered arrangement.
• Temperature distribution is more uniform in cases of locating the fogging before the silencer. This has the beneficial effect of reducing thermal stresses on the compressor blades.
• Installing the fogging system upstream of the silencer is about 3 percentage points better in evaporation effectiveness than placing it downstream of the silencer, irrespective of whether the silencer consists of a single row of baffles or two rows of staggered baffles.
• The evaporation effectiveness of the staggered silencer is about 0.8 percentage points higher than the single silencer.
• The pressure drop for the staggered silencer is about 6.5% higher than the single silencer.
